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Fungal endophthalmitis is a potentially blinding condition. It is more often reported from Asia, including 
India. The incidence is lower than bacterial endophthalmitis. But it is relatively more challenging to treat 
than bacterial endophthalmitis. Many eyes may need therapeutic keratoplasty and/or evisceration. The 
current mainstays of treatment are vitrectomy irrespective of the presenting vision, intravitreal antifungal 
agents, and systemic therapy; additionally, the patients could require prolonged treatment with repeat 
vitreous surgeries and intravitreal injections. Difficulty in clinical diagnosis, delay in microbiological 
culture, and limited options of antifungal drugs make the treatment more difficult and less rewarding. Three 
common fungi causing endophthalmitis are Aspergillus, Fusarium, and Candida. The former two are molds, 
often identified in exogenous endophthalmitis, postoperative and traumatic; the latter is yeast and is more 
often identified in endogenous endophthalmitis. A faster diagnosis with newer molecular microbiological 
technologies might help institute treatment earlier than it is currently possible. A target trial using big data 
from different regions of the world might emulate a randomized clinical trial to design a definite treatment 
strategy. Given fewer antifungal drugs, one must be mindful of antifungal stewardship to prevent resistance 
to the existing drugs.
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Fungi are eukaryotic organisms and are ubiquitous. Three 
types of fungi—molds, yeasts, and diphasic—mainly cause 
ocular infections. The molds are filamentous fungi and could 
be septate or nonseptate. There are 1.5–5 million species of 
fungi that can grow almost anywhere—water, soil, plants, 
and animals. Some fungi form spores which we inhale 
(e.g., Aspergillus and Fusarium sp.), and others live as human 
commensal organisms (e.g., Candida and Malassezia sp.). 
Despite these close encounters, our immune system recognizes 
and protects us from fungal infections. The primary 
pathogenic fungi usually have an environmental reservoir. 
Opportunistic pathogens take advantage of debilitated or 
immunocompromised hosts to cause infection.[1] All fungi 
do not have innate pathogenicity. It is acquired from the 
environment or may be endogenous in the few instances where 
they are members of the resident flora. The pathogenesis of 

fungal disease involves an interplay between fungal virulence 
factors and host immune responses.

Three key factors define the outcome of the infecting fungi: 
the infectivity, the pathogenicity, and the virulence. Infectivity 
is an organism’s ability to infect a host. Exposure may lead 
to carriage  (colonization) or symptomatic disease, transient 
or chronic. Pathogenicity is the ability of an organism to cause 
disease that depends on the human host‑pathogen interactions. 
Virulence is the relative capacity of the microbe to cause damage 
to the host, reflected by the ability of the pathogen to multiply 
within the host and the virulence factors.

The primary fungal pathogens can cause disease in 
noncompromised patients. But most pathogenic fungi are 
opportunistic and do not usually cause disease unless there are 
alternations in immune defense. Immunosuppressive drugs, the 
human immunodeficiency virus (HIV) infection, and excessive 
use of systemic antibiotics could result in such alternations. In 
these situations, the opportunistic pathogens produce virulence 
factors that allow the organisms to grow as commensals as 
long as the host is healthy and takes its opportunity to become 
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pathogenic when the host’s immune system is lowered. 
The virulence factors allow the fungi to grow at elevated 
temperatures  (up to 42°C), with increased ability for tissue 
adherence, tissue penetration, and dissemination. The innate 
immune system is the first line of defense against pathogens. 
The innate cells use genetically inherited receptors, the pattern 
recognition receptors  (PRRs), to recognize the conserved 
pathogen‑associated molecular patterns  (PAMPs) present in 
nearly all microorganisms. Signaling downstream, the PRRs 
activate the cellular responses to the killing mechanisms and 
shape the adaptive immune responses.[2,3] The most important 
PAMPs in filamentous fungi are mannan, β‑glucan, and chitin.

Infection occurs when fungi accidentally penetrate 
barriers  (such as intact skin and mucous membrane 
linings) or breach the immunological defense  (such as the 
immunocompromised state, debilitating conditions of the 
host). Fungi also gain access to the host tissues after penetrating 
trauma or inhalation. The severity of the disease depends upon 
the size of the inoculum, the magnitude of tissue destruction, the 
ability of the fungi to multiply in tissues, and the immunologic 
status of the host.[4] Fungal infection, including endophthalmitis 
of the eye, occurs more often in tropical climates, including 
India. It is more challenging to treat than a bacterial infection. 
One must understand the science of fungal endophthalmitis 
to recognize early and treat effectively. This review examines 
various related issues of fungal endophthalmitis.

Current Knowledge
Epidemiology
Common ocular fungal infections are keratitis and 
endophthalmitis; rarer ones are the orbital infection and 
dacryoadenitis  [Table  1]. Fungal endophthalmitis is more 
challenging to treat. It is infrequently reported from Europe and 
North America,[5,6] than Asia.[7,8] India has reported more fungal 
endophthalmitis than other Asian countries  (postoperative 
endophthalmitis 16.7%, and traumatic endophthalmitis 
14.4%).[9,10] Aspergillus and Fusarium sp. are commonly 
isolated in exogenous fungal endophthalmitis; the patients 
are usually immunocompetent. The risk factors in endogenous 

infection include a history of recent hospitalization, diabetes 
mellitus, renal or liver failure, indwelling intravenous lines, 
catheterization, organ transplantation, intravenous drug 
use, and immunosuppressive  (particularly corticosteroid) 
treatment.[11,12] Yeasts  (Candida sp.) are more often isolated 
than molds in endogenous endophthalmitis. The common 
fungi identified in a large series of 723 fungal endophthalmitis 
collected across India were Aspergillus sp. (37.06%), Fusarium 
sp. (16.87%), and Candida sp. (10.65%).[13]

Pathobiology
The mechanical barriers of the eye to prevent infection are 
the eyelids, eyelashes, the blink reflex, the tear film, the 
nonkeratinized squamous epithelium of the conjunctiva and 
cornea, and the lacrimal excretory system. A breach in these 
barriers either by trauma, surgery, or extension of fungal 
keratitis  (including corneal perforation) causes exogenous 
endophthalmitis. The endogenous infection spreads from 
choroidal capillaries to the vitreous through disrupted Bruch’s 
membrane. In either situation, there is acute suppurative 
inflammation and necrosis of the vitreous. Dense infiltration 
of polymorphonuclear leukocytes forms microabscesses and 
foreign body type of multinucleated giant cell reaction with or 
without granuloma formation[14] [Figs. 1 and 2].

The polymorphonuclear leukocytes can ingest and kill 
microorganisms by two main pathways: oxygen‑dependent 
and oxygen‑independent pathways. The oxygen‑dependent 
pathway is based on the post‑phagocytic intracellular 
production of oxygen radicals. The oxygen‑independent 
pathway is based mainly on the function of an antimicrobial 
protein, “defensins.” Defensins are peptides that possess 
broad‑spectrum antimicrobial activity in vitro, killing a variety 
of gram‑positive and gram‑negative bacteria and some fungi.[15]

Aspergillus flavus and Aspergillus fumigatus are the 
common pathogenic fungi reported from India. Aspergillosis 
occurs in people with chronic pulmonary diseases, organ 
transplants  (liver, renal and bone marrow), leukemia, and 
drug abuse. The fungus usually gains access to the eye as 
it spreads from the lungs to the choroid and invades the 
retinal and choroidal vessel walls. Histologically, Aspergillus 

Table 1: Overview of common fungi with particular reference to ocular infection.

Organism Morphology Interaction with 
human host

Principal habitat Major infection Antifungal 
drug of choice

C O P General Eye 

Aspergillus spp.
(A flavus)

Mold, Hyphae x x x Soil, Environment Aspergillosis
Lung, Paranasal 
sinus

Keratitis
Endophthalmitis
Dacryocystitis

Itraconazole
Voriconazole
Amphotericin B
Posaconazole
Caspofungin

Candida spp
(C albicans)

Yeast x x ‑ GI tract, mucosa, 
skin

Candidiasis
Oral, Blood, Vaginal

Endophthalmitis Amphotericin B 

Fusarium spp
(F solani)

Hyphae x x ‑ Soil, Plant Fusariosis
Blood, Skin, Bone

Keratitis
Endophthalmitis

Amphotericin B
Natamycin
Voriconazole

Mucor
Rhizopus oryzae
Mucor ramosissimus

Mold, Hyphae ‑ x ‑ Soil, Dead decaying 
fruits, vegetables 
and plants.

Mucormycosis
Brain, Stomach 
Lungs

Sino‑orbital Amphotericin B
Liposomal 
Amphotericin B
Voriconazole

C‑ commensal; O‑ opportunistic; P‑ pathogenic
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Figure 4: Microbiology of common fungi; left‑culture and right‑microscopy. 
(a) Aspergillus flavus‑culture and microscopy  (Lactophenol Cotton 
Blue). (b) Candida albicans‑culture and microscopy  (Grams). 
(c) Fusarium solani‑culture and microscopy (Lactophenol Cotton Blue)
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grows preferentially along the subretinal pigment epithelium 
and subretinal space; the visual outcome is invariably poor 
because of the preferred macular involvement.[16] Candida is 
an opportunistic pathogenic yeast and becomes pathogenic in 
various conditions. The common species infecting humans are 
C. albicans, C. tropicalis, C. parapsilosis, and C. glabrata. Fusarium 
is a filamentous fungus found in soil and on the plant. Fusarium 
keratitis is more common than endophthalmitis. It could occur 
de novo or as an extension of the nonhealing corneal ulcer; when 
it happens, it is destructive because it produces extracellular 
proteases that cause matrix degeneration.[17]

Figure  3: Fungal endophthalmitis. Presentation, treatment, and 
outcome. (a) Post cataract; (b) Traumatic; (c) Endogenous. 
Left‑clinical and fundus view. (a) PVA: 20/100; Microbiology: 
Aspergillus niger. Treatment: three vitreous surgery, IOL explant, 
three intravitreal antifungals. FVA: 20/50. (b) PVA: FCF 2 meters. 
Microbiology: Aspergillus flavus. Treatment: two additional vitreous 
surgery, 14 intravitreal antifungal drugs. FVA: 20/60. (c) PVA: 20/500. 
Microbiology: Candida albicans. Treatment: Two vitreous surgery 
and three intravitreal antifungal drugs. FVA- final visual acuity, PVA- 
presenting visual acuity
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Figure  2: Photomicrograph of endogenous endophthalmitis. 
(a) Fragments of the choroid (arrow) and retina (arrowhead) densely 
infiltrated with inflammatory cells, extending into the vitreous 
cavity (H and E, ×200). (b) Fragments of fungal hyphae (within the circle) 
noted in the retina (H and E, ×300). (c and d) Suppurative inflammation 
of vitreous (asterix) with fungal hyphae, which are hyaline, thin, septate, 
and branched (PAS left × 300 and GMS right, ×400)
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Figure  1: Photomicrograph of exogenous fungal endophthalmitis 
(a) Perforated cornea  (asterix) with dense inflammation  (arrow) of 
intraocular structure  (H  and  E; scanner view). (b) Histiocytes and 
multinucleate giant cells (arrow) with dense chronic infiltrate forming 
microabscess and scattered uveal pigments  (H  and  E  ×  300). 
(c and d) Fungal hyphae and chlamydospores (PAS left and GMS right, 
×400). (e and f) Microabscesses in vitreous with central fungal filaments 
(within the circle‑ PAS left × 300 and GMS, right × 300)
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Table 2: Antifungal agents and routes of administration in endophthalmitis

Class Drug Intravitreal 
in 0.1 ml

Topical Systemic Systemic 
Toxicity

Susceptible 
fungus 

Intravenous Oral

Polyene Amphotericin B 5‑10 μg 1.5 mg/ml 
(0.15%)

0.5‑1.0mg/kg x Renal Fusarium
Aspergillus
Mucor

Triazole Fluconazole ‑ ‑ ‑ 200‑400 mg/day GI

Triazole Itraconazole ‑ ‑ 200‑400 mg BID ‑ Liver, GI Aspergillus
Imidazole Ketoconazole ‑ ‑ 200‑800 mg/day ‑ Liver

Polyene Natamycin ‑ 50 mg/ml * ‑ ‑ ‑ Fusarium
Triazole Voriconazole 50‑200 μg ‑ 6 mg/kg BID 200 mg twice/

day
Liver Fusarium

Aspergillus
Echinocandins Caspofungin 50 μg 5 mg/ml 

0.5%
70mg/m2/day loading and 
50mg/m2/day maintenance

‑ Liver Candida
Aspergillus

*Commercially available; GI‑ gastrointestinal 

Table 3: Susceptibility of three common fungi to two common antifungal drugs 

Location Fungal species Antifungal drugs

Amphotericin B μg/ml Voriconazole μg/ml

Miami, USA*[47] Candida; n=14 0.125‑1.0 0.06‑0.03 

Aspergillus; n=8 1.0‑8.0 0.125‑0.25 

Fusarium; n=14 1.0‑4.0 2.0‑8.0 
Hyderabad, India**[48] Candida; n=12 0.047‑0.125 0.032‑1.0 

*endophthalmitis; **keratitis

Clinical diagnosis
The symptoms and clinical signs of fungal endophthalmitis 
often mimic chronic bacterial endophthalmitis. The typical 
characteristics are longer time to symptoms, lower frequency of 
hypopyon, and indolent inflammation. A history of long‑time 
topical corticosteroid use to reduce recurrent and persistent 
redness and inflammation is not uncommon. The signs of 
more typical fungal endophthalmitis include yellow‑white 
infiltrates at the corneoscleral wound  (in cataract surgery), 
nodular exudates over the iris, and crystalline/intraocular lens 
surface, and vitreous exudates arranged like a string of pearls 
and creamy white circumscribed chorioretinal lesion[18] [Fig. 3]. 
Time to symptoms is lesser in traumatic endophthalmitis; 
injury with vegetative matter and/or retained intraocular 
foreign body may be a pointer to the diagnosis of traumatic 
endophthalmitis. Hematogenous seeding from an underlying 
systemic disease or recent surgery/catheterization is common 
in patients with endogenous fungal endophthalmitis.[19]

Systemic investigations are essential in endogenous 
endophthalmitis and possibly in other forms of fungal 
endophthalmitis too. These investigations include complete blood 
count, serum urea and electrolytes, liver function tests, peripheral 
blood culture, sputum and urine culture, chest radiogram, liver 
ultrasonogram, and transthoracic echocardiogram.

Laboratory confirmation
Histopathology of formalin‑fixed tissue and microbiology 
of ocular fluid are the two primary sources of laboratory 
confirmation. In histopathology, the inflammatory cells are best 
seen by haematoxylin and eosin (H and E) stains [Figs. 1 and 2]. The 
fungal hyphae appear as refractile to pale acidophilic filaments, 

thin or broad, septate or aseptate, and with or without branching. 
These hyphae are highlighted by special stains like Periodic Acid 
Schiff (PAS) and Gomori Methenamine Silver (GMS) [Figs. 1 and 
2], and Masson Fontana stains. The latter stain helps distinguish 
pigmented fungi from the rest. However, the characterization of 
the fungus on histopathology is limited, and hence it needs further 
ancillary techniques or microbiological culture correlation.[20] 
The ancillary techniques include immunohistochemistry with 
antibodies (such as an anti‑Aspergillus antibody), fluorescence 
in‑situ hybridization  (FISH), and real‑time quantitative 
PCR (qPCR) on formalin fixed paraffin‑embedded tissues.

The microbiology confirmation of fungi includes direct 
microscopy, culture, polymerase chain reaction  (PCR), and 
DNA sequencing. Direct microscopy of the ocular specimen 
is rapid and is the most commonly employed method. 
Sabouraud’s dextrose agar  (SDA) and potato dextrose 
agar  (PDA) are selective media for fungi, while chocolate 
agar/blood agar/brain heart infusion broth could also be used. 
SDA and PDA are incubated at 25°C for 2–4 weeks [Fig. 4].

Molecular microbiology
The value of conventional smear and culture of intraocular fluids 
is never denied though it may take a longer time, sometimes 
1–2 weeks, for fungi to grow in culture. The fungi may also be 
sequestered under the lens/capsular bag, making the detection 
of these organisms difficult;[21] it is not surprising that these 
are often reported culture negative. Advances in molecular 
microbiology have improved microbiological diagnosis. Some 
of these methods include polymerase chain reaction (PCR) and 
real‑time PCR, matrix‑assisted laser desorption/ionization–time 
of flight (MALDI‑TOF), and peptide nucleic acid fluorescent 
in situ hybridization (PNA FISH).
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Polymerase Chain Reaction is based on DNA polymerase; it is 
an in vitro replication of specific DNA sequences. Pan‑fungal 
primers complementary to the 18 S rRNA sequences or the 
28 S rDNA have been reported previously, but the most 
commonly used probes are the ITS 1 and ITS 4 (corresponding 
to the internal transcribed spacer region, ITS2, of the ribosomal 
small subunit RNA for fungus) primer sets.[22,23] These tests 
are highly specific and sensitive. The ITS2‑gene‑based PCR 
detects more infecting fungi than conventional culture in 
fungal endophthalmitis.[24] Various methods are available 
for species identification following the pan fungal PCR, 
such as DNA sequence analysis, amplification of fragment 
length polymorphism (AFLP), and restricted fragment length 
polymorphism  (RFLP). The quantitative real‑time PCR 
quantifies the fungal load in ocular fluids.[25]

MALDI‑TOF is an ionization technique that uses a laser 
energy absorbing matrix to create ions from large molecules 
with minimal fragmentation. Compared to the conventional 
methods, the MALDI‑TOF is faster and more sensitive in 
detecting the infecting microorganism in endophthalmitis.[26]

PNA FISH is a technique whereby DNA probes labeled with 
fluorophores are attached to a target DNA for identification. 
The FISH technique has been used for over two decades for 
the detection of genetic disorders. This technique has shown 
promising application in the detection of fungi and infectious 
endophthalmitis.[27,28]

Antifungal drugs
Five families of antifungals are extensively used to treat 
human fungal infections, but only a handful of them are used 
to treat ocular fungal infection due to the lack of therapeutic 
concentration obtained in the ocular tissues. These are:  (1) 
polyenes represented by amphotericin B;  (2) azoles with 
several derivatives such as imidazole (miconazole, econazole, 
ketoconazole), and triazoles  (itraconazole, fluconazole, 
voriconazole, posaconazole);  (3) echinocandins  (such as 
caspofungin, micafungin, anidulafungin);  (4) flucytosine, a 
pyrimidine analogue; and (5) allylamines (such as terbinafine). 
The three general mechanisms of action for the antifungal 
agents are cell membrane disruption, cell division inhibition, 
and cell wall formation.[29] All these drugs inhibit the synthesis 
of or directly interact with ergosterol, which is the predominant 
component of the fungal cell membrane.

The antifungal agents are usually fungistatic in the 
concentrations used in clinical practice but are fungicidal in 
higher concentrations; some exhibit fungicidal action against 
selective fungi in a dose‑dependent manner. Systemic therapy 
with antifungal agents is also known to cause systemic adverse 
effects. Therefore, intravitreal injection is the primary route 
of administration of these agents, often supplemented with 
systemic  (more often) and topical application of antifungal 
agents[30] [Table 2].

The choice of antifungal agents for intravitreal therapy 
is currently confined to only two molecules: amphotericin 
B and voriconazole. Following the intravitreal injection, the 
half‑life (t12) of amphotericin B in the vitreous of noninflamed 
phakic eyes is 8.9 days and in the aphakic vitrectomized eye 
1.8  days. Yeasts and filamentous fungi are susceptible to 
amphotericin B, but many species of Aspergillus are resistant 
too. The half‑life of voriconazole in vitreous of noninflamed 
phakic eyes is 2.5–6.5 h and in aphakic vitrectomized eyes 

is 2.5  h; it has broad‑spectrum activity against molds and 
yeasts.[29,31] Bioavailability following systemic treatment is 
superior with voriconazole than amphotericin B. Voriconazole 
can be used in all three routes—intracameral, intravitreal, and 
oral.[32,33] It is most effective against many Candida, Aspergillus, 
and Cryptococcus species.

Echinocandins  (such as caspofungin, micafungin, and 
anidulafungin) have antifungal activity against Candida and 
Aspergillus species.[34] They exhibit their antifungal activity by 
inhibiting D‑glucan synthase, an enzyme specifically involved 
in fungal cell wall synthesis. Due to the target‑specific activity, 
echinocandins could be an ideal antifungal therapy though 
there are reports of both successful and unsuccessful treatment 
of endophthalmitis after intravitreal caspofungin.[35,36]

Treatment
Two important interventions of proven efficacy in the treatment 
of fungal endophthalmitis are vitrectomy and intravitreal 
antifungal drugs. The variation of treatment protocol of fungal 
endophthalmitis from bacterial endophthalmitis is early 
vitrectomy, more than one‑time intravitreal injections, and 
frequent use of systemic antifungal therapy.[37] In recalcitrant 
cases of post cataract surgery fungal endophthalmitis, the 
intraocular lens explantation along with the lens capsule could 
benefit.[38] The visual outcome of fungal endophthalmitis is 
poorer than bacterial endophthalmitis.

Achieving adequate concentrations of antifungal drugs 
in the infected tissues is crucial to the treatment success. In 
refractory disease, intravitreal antifungal antibiotics may be 
repeated after vitrectomy. Systemic voriconazole has good 
intraocular bioavailability and may need a long treatment 
course, 6–8 weeks.[39] Topical natamycin could be used in eyes 
with associated keratitis.

An analysis of 730 consecutive cases of fungal 
endophthalmitis collected from large tertiary eye care 
facilities across India (doi: 10.1016/j.oret.2021.09.006) showed 
that: Aspergillus species was the most common infecting 
microorganism across the causative events, time to symptoms 
was longest in postoperative endophthalmitis, less than half 
eyes had hypopyon at presentation, nearly every eye required 
vitreous surgery, and each eye required multiple intravitreal 
injections of antifungal agents. Additionally, there was a 
variable need for therapeutic keratoplasty. Despite treatment, 
at least a third of the eyes became blind, and up to 6% of eyes 
required evisceration.

Maximum benefits are derived from two interventions 
instituted together—intravitreal therapy with antifungal 
agents and vitrectomy.[37,40] Systemic therapy is required 
in many instances and, when begun with renal and liver 
function tests, it must be continued for 4–6 weeks. Based 
on the international committee of Intraocular Inflammation 
Society (IOIS) recommendation, the Bristol Eye Hospital has 
proposed systematic antifungals alone for mild vitritis and 
a combination of intravitreal antifungals and vitrectomy for 
moderate to severe vitritis.[41]

In clinical practice, three situations arise. Situation one: 
bacterial endophthalmitis is suspected, but vitreous culture 
grows fungus; in this situation, the treating physician switches 
to antifungal drugs with intravitreal and systemic therapy. If 
not performed before, it might also call for vitrectomy and 
possible additional vitreous surgery (vitreous lavage) if such 
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was done earlier. Situation two: fungal infection is suspected 
primarily and treated with vitrectomy and antifungal drugs 
from the beginning. Third situation: infective endophthalmitis 
is suspected clinically, treated either as bacterial or fungal 
endophthalmitis, but the vitreous culture does not grow any 
organism.

SARS‑CoV2 and Endophthalmitis
Endogenous endophthalmitis is not uncommon in hospitalized 
patients treated for SARS‑CoV2 (COVID‑19) viral infection. 
In our analysis of 24 consecutive patients  (33 eyes), time 
to symptoms was an average of 15  (range 6–72) days after 
discharge from the designated hospitals; over  90%  (n  =  22) 
patients had multiple pre‑COVID-19 systemic co‑morbidities, 
and over  66% patients were admitted to the intensive care 
unit  (ICU). The commonest systemic disease was diabetes 
mellitus  (87.5%). At presentation, the mean presenting 
vision was <20/400, and over  69% had a complete vitreous 
abscess. Because of poor systemic conditions, definite 
endophthalmitis treatment  (vitrectomy and intravitreal 
antifungal injection) was possible in 19 of 24 patients. Fourteen 
of 19 vitreous biopsies  (73.68%) were microbiologically 
positive—11  (78.6%) fungi, 2 bacteria, and 1 virus. The 
systemic infection focus was identified in 11 of 21 patients 
and included 8 fungemia  (5‑Candida, 2‑Aspergillus, 1‑Mucor) 
and 3 bacteremia  (2‑Streptococcus pneumoniae, 1 Escherichia 
coli). Ophthalmic interventions included primary vitrectomy 
in 17 patients (22 eyes), repeat vitreous surgery in 5 patients 
(6 eyes) including silicone oil tamponade in 5 patients (6 eyes), 
multiple intravitreal anti‑fungal drugs in 11 patients (14 eyes), 
and systemic antifungal drugs in all patients. Despite treatment, 
47.4% of patients only regained vision better than 20/400, and 
five patients died during their treatment for endophthalmitis.

Three classes of drugs used to treat the patients with 
COVID‑19 infection increase the risk of endogenous 
endophthalmitis. These drugs are systemic corticosteroids, 
broad‑spectrum antibiotics, and IL‑6 inhibitors (tocilizumab). 
Corticosteroids are known to cause immunosuppression 
and increase the risk of bacterial/fungal infection. [42] 
Broad‑spectrum antibiotics kill the bacteria and allow growth 
and multiplication of the commensals, including the yeasts.[43] 
The IL‑6 inhibitors (such as tocilizumab) impair the function 
of neutrophil, macrophage, and T cells, thus increasing the 
risk of fungal infection.[44] In our cohort  (doi: 10.4103/ijo.
IJO_1474_21) in South India, Candida sp. was the commonest 
isolated fungus in endogenous endophthalmitis in people with 
SARS‑CoV2 infection; a similar trend is recently reported in five 
patients (seven eyes) from North India.[45]

Knowledge Gap
Antifungal susceptibility and resistance
Minimum inhibitory concentration (MIC) is the most common 
test used for antibiotic susceptibility. It is defined as the lowest 
concentration of an antimicrobial agent that prevents the 
visible growth of microorganisms. It is determined by E‑test or 
microbroth dilution method as per the Clinical and Laboratory 
Standards Institute  (CLSI) guidelines. MIC for antifungal 
agents is not routinely performed. In addition, colorimetric flow 
cytometry and ergosterol quantitation are available to measure 
the MIC of anti‑fungal agents. Ergosterol is the major sterol 
component of the fungal cell membrane and is responsible 
for maintaining cell integrity and function. MIC breakpoints 

are available for amphotericin B, fluconazole, itraconazole, 
voriconazole, and flucytosine against Candida and some species 
of filamentous fungi.[46]

Similar to MIC is the minimum fungicidal concentration 
(MFC). MFC is defined as the lowest drug concentration that 
achieves ≥ 98%–99.9% killing of particular fungi. MFC correlates 
better with clinical outcomes. A comparative susceptibility of 
three common fungi tested at Miami, USA[47] and Hyderabad, 
India[48] against two commonly used antifungal drugs in ocular 
fungal infection is shown in Table 3.

Antifungal resistance
Resistance to antifungal drugs is not uncommon. It occurs through 
a variety of mechanisms and includes (1) nonsynonymous point 
mutations within the gene encoding the target enzyme (leading 
to alteration in the amino acid sequence), (2) increased expression 
of the target enzyme through increased transcription of the gene 
encoding it, (3) decreased concentrations of the drug within the 
fungal cells due to drug efflux, and (4) changes in the biosynthetic 
pathway resulting in reduced production of the target of the 
antifungal agents.[49]

Biofilm and antifungal resistance
Biofilm is one of the major causes of resistance to various 
antibiotics.[50] Structurally, a biofilm is a slimy layer of an 
extracellular matrix made of polymeric substances produced by 
microorganisms. This forms an architectural colony providing 
resistance not just against antibiotics but also against the human 
immune system. The role of biofilm has been studied in various 
ocular conditions, both implants‑associated (such as intraocular 
lens, scleral buckles, punctal plugs, and lacrimal intubation 
devices) and nonimplant‑associated pathologies  (such as 
keratitis, chronic dacryocystitis, and endophthalmitis).[51]

The potential to form biofilms has been demonstrated 
in some ocular fungi  (such as Aspergillus fumigatus, Candida 
albicans, Fusarium solani, Cladosporium sphaaerospermum, and 
Acremonium implicatum).[52‑55] Our group has reported one 
corneal isolate of C. albicans resistant to three antifungal drugs 
as a biofilm producer; the thickness of the biofilm, measured 
by scanning electron microscopy  (SEM), increased from a 
monolayer/bilayer of cells at 24 h to a more than 7‑cell thickness 
layer at 72 h. These cells were less sensitive, up to 200 × MIC 
of the antifungal agents than nonbiofilm cells.[56] Similar 
mechanisms may act in‑vivo, resulting in poor outcomes in 
patients with infectious endophthalmitis.

Antifungal stewardship
Antimicrobial stewardship (AMS) is a coordinated program 
that promotes the appropriate use of antimicrobials, improves 
patient outcomes, reduces microbial resistance, decreases the 
spread of infections caused by multidrug‑resistant organisms, 
and finally reduces the cost of care. AMS is defined as “the 
optimal selection, dosage, and duration of antimicrobial 
therapy that results in the best clinical outcome for the treatment 
or prevention of infection, with minimal toxicity to the patient 
and minimal impact on subsequent resistance.”[57] AMS is more 
relevant now as fewer new antimicrobials are introduced every 
year, and there is a need to conserve what we have without 
developing resistance to these drugs. Principally, there are three 
goals of AMS.[58] These are (1) right treatment (4Ds[59]—right 
Drug, right Dose, right Directed therapy, right Duration); (2) 
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Investigating culture‑negative endophthalmitis
A common limitation of conventional microscopy and culture 
is culture‑negativity. This is more of a possibility in a tertiary 
eye care setting, where the patients are often referred after 
receiving intravitreal and systemic antibiotics.[69] Additionally, 
the classic clinical characteristics could be masked due to 
delayed presentation. While direct sequencing and PCR of 
the ITS region can be applied on clinical specimens to detect 
the presence of microorganisms, low pathogen loads or 
polymicrobial infections are usually challenging to differentiate 
ambiguous signals from mixed chromatograms of samples, 
and the sequences often remain unidentified/misidentified.

Next‑generation sequencing  (NGS) is a novel platform 
that can simultaneously detect and independently sequence 
virtually all the DNA sequences of the infectious agents 
present in a sample.[70] A culture‑free platform using targeted 
NGS of the ITS2 region would be ideal for overcoming the 
divide between conventional microbiological methods and 
whole‑genome sequencing. The NGS is less complicated than 
whole genome sequencing and because it is also relatively less 
expensive could possibly be used in diagnostic laboratories.

Targeted NGS refers to a selective capture or amplification of 
specific genomic regions of interest before subjecting to massive 
parallel sequencing. Targeted NGS provides better sensitivity 
and specificity in addition to the ease of downstream analysis; 
it also lowers the cost by allowing more samples to be tested in 
one run.[71] We have shown that targeted NGS is a good tool for 
microbial research in culture‑negative endophthalmitis, with a 
71.9% rate of detection of fungal pathogens in culture‑negative 
samples. Targeted NGS is also more efficient in detecting 
polymicrobial infection. The NGS could be the future diagnostic 
tool in routine ocular microbiological laboratories when the 
procedures and the bioinformatics are better standardized 
and validated. A reduced cost will bring additional benefits.

Real‑world data and evidence
Real‑World Data  (RWD) are “data relating to patient health 
status and/or the delivery of health care collected routinely 
from various sources.” Real‑World Evidence  (RWE) is the 
“clinical evidence about the usage and potential benefits or 
risks of a medical product derived from analysis of RWD.”[72] 
Classically, randomized controlled trials (RCTs) are considered 
the gold standard for demonstrating the product or procedure 
efficacy for regulatory approval or to create evidence for 
clinical care. It provides much‑needed information to both 
treating physicians and patients to make scientific judgments 
and informed choices. RCTs are always a good investment; it 
pays back the money spent and improves the quality of life.[73] 
The evidence generated from observational studies of RWD is 
often considered inferior because of nonrandomized treatment 
assignment and less rigorous data collection that could 
compromise internal validity. But, as personalized medicine 
becomes increasingly common, patient recruitment into RCTs 
would be affected, and sometimes it is not possible to include 
a control arm. Efforts are made to make the observational data 
collected through RWD address research questions where a 
traditional RCT may be unfeasible or unethical.

Target Trial is one such approach.[74] It closely emulates 
RCTs. It navigates through two steps: step 1‑a causal question 
is asked  (as is asked in RCT); step 2‑  the causal question is 

prevent antimicrobial overuse, misuse, and abuse; and  (3) 
minimize the development of resistance.

Life‑threatening fungal diseases such as invasive Aspergillus 
and Candida infections are associated with high mortality.[60,61] 
In addition, indiscriminate use of antifungal agents and 
widespread agricultural antifungal exposure have resulted 
in the spread of resistant fungal pathogens for one or more 
antifungal drugs. Antifungal stewardship (AFS) is responsible 
for the appropriate usage and conservation of antifungal 
drugs. The core principles of AFS are similar to AMS; the three 
principal concerns are: (1) the physicians have less opportunity 
to switch therapy because susceptibility tests are not done 
routinely;  (2) there is a limited choice of antifungal drugs; 
(3) there is no well‑defined endpoint.[62,63]

Inflammatory markers
Recent studies have evaluated the use of galactomannan 

(GM) and 1,3 β‑D‑glucan (BDG) biomarkers as ancillary tests 
to diagnose invasive fungal endophthalmitis using commercial 
ELISA Kits.

1,3‑BDG is a major polysaccharide cell wall component in 
many fungal species, including Candida and Aspergillus sp. 
An elevated BDG level in the vitreous fluid of patients with 
endogenous fungal endophthalmitis has been reported.[64] It was 
also suggested that testing the BDG values in the vitreous fluid 
could be more sensitive than the culture methods for diagnosing 
fungal endophthalmitis. 1,3‑BDG is also released into the 
bloodstream in invasive fungal diseases.[65] Hence, there could 
be additional values of measuring serum BDG level to monitor 
the disease progression and prognosis in endophthalmitis.[66,67]

GM is a cell wall component of mainly Aspergillus sp. And 
its detection via enzyme immunoassay is part of the diagnostic 
criteria for invasive aspergillosis. A recent report has explored 
its use in the diagnosis of A. fumigatus in the vitreous sample 
and recommended its assay when the standard mycology is 
negative and if pan fungal PCR is not available.[68]

Our data  (unpublished) confirms significantly higher 
levels of vitreous GM in patients with culture‑proven fungal 
infections than patients with noninfectious retinal disorders. 
The Area under the ROC curve  (AUC) value for GM was 
0.81 with a sensitivity of 0.88 and a specificity of 0.73 for a 
cut‑off value of 51.36 pg/ml, and the AUC value for BDG was 
0.93 (95% CI: 0.84–0.1) with sensitivity and specificity of 0.94 
and 0.82, respectively, with the cut‑off value of 1.19 pg/ml. 
Therefore, these tests could be considered in conjunction with 
clinical and microbiological tests. The added advantage is that 
the results of these tests are available within 2–3 h compared 
to several days of conventional culture.

Figure 5: Building target trial from real‑world data
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answered through a suitable RWD (instead of RCT)[75] [Fig. 5]. 
Target trial uses the RWD to answer the causal question to 
create evidence nearly similar to RCT. The most important one 
is to use RWD to design a fungal endophthalmitis management 
RCT as it is nearly impossible due to the worldwide paucity 
of cases, the time required to recruit an adequate number of 
patients, and the cost needed for such a study.

RCTs and RWE generated from RWD are complementary, 
and each contributes valuable information about patient 
outcomes. Rigorously collected data is the key. Well‑designed and 
conducted observational studies may offer valuable information 
that complements the evidence from clinical trials. Advances 
in statistical approaches to the causal estimation of treatment 
effects and experience using RWD and RWE may increase our 
confidence in observational studies of treatment effectiveness.[76]

An analysis of real‑world data of 7 years (May 2014–April 
2021) and 256 consecutive patients of culture‑proven fungal 
endophthalmitis collected from our electronic medical 
record  (EMR) has added few additional information as 
follows: (1) elderly age group (51–70 years) were more prone 
for fungal infection;  (2) the age‑specific principal events of 
fungal endophthalmitis were trauma in “younger” age up to 
20 years, endogenous in the “mid‑adult” age group 21–40 years, 
and postoperative infection in the “elderly” age group 71 and 
above;  (3) keratitis progressed to fungal endophthalmitis in 
12% to 18% instances.

Ocular surface, Mycobiome, and fungal endophthalmitis
The microbes on the ocular surface are one of the important 
sources of exogenous endophthalmitis. The current practice 
of topical 5% povidone‑iodine application on the conjunctival 
surface aims to reduce the microbial load of the ocular surface.[77]

Many investigators have studied the ocular surface bacterial 
flora in health and disease. In general, more microorganisms 
reside on the lids than on the conjunctiva. A variation in ocular 
surface microbiota is expected between individuals and between 
people from different countries. The most common cultured 
microorganisms include coagulase‑negative Staphylococci 
(S. epidermidis is most common) and Propionibacterium sp.; less 
common ones are Micrococcus sp. and Corynebacterium sp., 
and the least common are the gram‑negative bacteria.[78] These 
bacteria cause endophthalmitis in conducive conditions.

The ocular surface fungi are not studied as much as 
the bacteria. Normally, fungi are not residents of the 
human eye but are acquired from the surrounding. Fungi 
usually colonize on the lid margins and conjunctiva. 
Aspergillus sp. is the most common fungal isolate from 
the conjunctiva of healthy individuals reported from 
India.[79] In healthy individuals, the conjunctival fungal flora 
has been determined using both conventional culture and 
culture‑independent (NGS, using internal transcribed spacer 
2, ITS2, sequencing as a proxy for fungi) methods.

Mycobiome refers to the diversity and abundance of fungal 
species in a niche. Our study (25 patients) in south India yielded 
13.37 million high‑quality reads (average 534,720/mycobiome); 
Ascomycota  (mean abundance, 47.74%) and Basidiomycota 
(mean abundance, 26.87%) were the dominant phyla; and 
Aspergillus sp. (25 of 25, 100%), Fusarium sp. (21 of 25, 84%), and 
Candida sp. (17 of 25, 85%) were the dominant genera.[80] We 

also observed that the conjunctival fungal flora considerably 
varied with age but not with gender.

These resident conjunctival fungal flora could also cause 
exogenous fungal endophthalmitis similar to the resident 
bacterial flora. Conjunctival disinfection significantly impacts 
the occurrence of post cataract surgery endophthalmitis, and 
the contact kill time of currently used 5% povidone‑iodine is 
less than 30 s for the common infecting fungi.[81]

Conclusion
Globally, over 300 million people are afflicted with a severe 
fungal infection, and 25 million are at high risk of dying or 
losing their sight. It is more frequent in South‑East and South 
Asia.[82] Fungal keratitis is more frequent than other fungal 
infections of the eye, and there is no published data on the 
global incidence of fungal endophthalmitis. Assessment of 
the global burden and epidemiologic trends of fungal diseases 
is critical to prioritizing prevention strategies, diagnostic 
modalities, and therapeutic interventions. But quantifying the 
global burden of fungal diseases is challenging. Fungal diseases 
are often difficult to diagnose because they are not routinely 
suspected. The difficulty is further accentuated because fungi 
do not always grow in culture, histopathologic identification 
is challenging, and fungal antibody tests may cross‑react.[83] 
In the absence of a global incidence report and randomized 
clinical trial, there is no universally accepted diagnosis and 
management protocol of fungal endophthalmitis. This opens 
new opportunities to test the new technologies managing 
this difficult disease. These new technologies include newer 
molecular techniques, next‑generation sequencing, and 
real‑world data. The world also  needs newer antifungal drugs, 
avoid indiscriminate use of antibiotics, immunosuppressives, 
and antifungal stewardship.
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